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A B S T R A C T
We report the case of a patient with an extensive right cerebral hematoma complicated by focal
nonconvulsive status epilepticus (NCSE) in whom the use of the new bilateral BIS-VistaTM monitor was
helpful in managing profound sedation and antiepileptic treatment in the absence of continuous EEG
monitoring (CEEG). The analysis of color density spectral array (CDSA) showed stereotyped changes
indicative of recurrent focal nonconvulsive seizures (NCSz) and NCSE. We noted a close correlation
between NCSz and BIS value changes. EEGs during working hours always conﬁrmed the persistence of
focal NCSE. After several days of sedation, CDSA disclosed a gradual resolution of NCSE that was also
conﬁrmed by electroencephalography. The patient died of cardiorespiratory complications a few days
later.
 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.1. Case report
A 69-year-old woman was admitted to our intensive care unit
(ICU) with the diagnosis of right fronto–parieto–temporal hema-
toma and subarachnoid hemorrhage secondary to the rupture of a
middle cerebral artery aneurysm. She underwent endovascular
embolization of the aneurysm and surgical evacuation of the
hematoma. Subsequently, she was transferred to the ICU where
intravenous sedation with propofol (2.0 mg/kg/h), midazolam
(0.1 mg/kg/h) and prophylactic antiepileptic treatment with
levetiracetam (2000 mg/24 h) were started. Three days later, a
portable electroencephalogram (EEG) showed a burst-suppression
pattern but seizures were absent. Over the next two days although
sedationwas stopped, she remained in coma (Glasgow Coma Score
3). EEG revealed recurrent and stereotyped right frontal non-
convulsive seizures (NCSz) spreading to the contralateral frontal
lobe (Fig. 1a). These ﬁndings were consistent with a diagnosis of
focal nonconvulsive status epilepticus (NCSE) in a comatose
subject by the criteria of Young et al.,1 and subsequently modiﬁed
by Chong and Hirsch.2 In addition to the spontaneous NCSz,* Corresponding author at: Department of Clinical Neurophysiology, ‘‘Marque´s de
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1059-1311/$ – see front matter  2011 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2011.09.001stimulus-induced, focal left hemispheric NCSz also occurred. In the
view of these EEG ﬁndings, profound sedation with propofol and
midazolam was again started. Since we do not have continuous
EEG monitoring (CEEG) in our hospital and emergency EEG is only
available during normal working hours, we proposed using the
newest bilateral Bispectral index (BIS)-VistaTM monitor (Aspect
Medical Systems Inc., Norwood, MA) version 3.00 to guide
anesthetic sedation and to detect bouts of NCSz and NCSE. BIS-
Vista sensors were bilaterally placed on the forehead according to
manufacturer’s guidelines. During the subsequent days, the
patient remained sedated and analysis of color density spectral
array (CDSA) showed stereotyped changes indicative of recurrent
focal NCSz and NCSE (Fig. 1b). We noted a close correlation
between NCSz and BIS value changes. The signal quality index
(SQI–BIS) was acceptable (>50) as would be expected in relation to
focal seizures without motor activity. EEGs carried out during
working hours conﬁrmed the persistence of focal NCSE. After
several days of sedation, CDSA disclosed a gradual resolution of
NCSE also conﬁrmed by EEG (Fig. 1c). Sedation with propofol and
midazolam was stopped, seizures did not recur, and the patient
minimally improved, remaining in vegetative state. Unfortunately,
she died of cardiorespiratory complications a few days later.
2. Discussion
We report the case of a patient with an extensive right cerebral
hematoma complicated by focal NCSE in whom the use of the newvier Ltd. All rights reserved.
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Fig. 1. (a) Digital EEG showing the existence of recurrent focal nonconvulsive seizures involving the right frontal lobe and spreading to the contralateral side. LF: 0.53 Hz, HF:
70 Hz; NF: 50 Hz; vertical bar: 100 mV; horizontal bar: 1 s. (b) CSDA revealing the occurrence of recurrent seizures in keeping with the diagnosis of NCSE and (c) CDSA
showing the resolution of the NCSE. Lower power: blue color; Higher power: red color. (For interpretation of the references to color in this ﬁgure legend, the reader is referred
to the web version of the article.)
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Fig. 1. (Continued ).
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sedation and antiepileptic treatment in the absence of CEEG. To
the best of our knowledge this is the ﬁrst description in which
CSDA using a bilateral BIS monitor, revealed frontal NCSE.
Nowadays CEEG can greatly enhance the assessment and
therapeutic approach of patients with severe brain injury,3 and
is considered the best method for detecting NCSz and NCSE in
comatose patients.4 However, this neurophysiologic technique is
largely restricted to teaching hospitals and widespread use is
limited. The newest BIS-VistaTM monitor is a device which offers
an EEG-derived variable designed to assess responses to sedation
and anesthesia. BIS is a continuous and simple method which
provides a numeric value between 0 (deep sedation with
isoelectric EEG) and 100 (patient fully awake). In addition, the
EEG recorded by the BIS is continuously displayed (BIS-EEG), and
others parameters including SQI–BIS, suppression ratio (SR-BIS),
spectral edge frequency (SEF-BIS), frontal electromyogram (EMG-
BIS) and CDSA are also supplied. CDSA applies fast-Fourier
transformation to convert raw EEG into a time-compressed and
color-coded display for frequencies between 0 and 30 Hz, with
blue representing low power, and green, yellow and red
representing successively higher power. The BIS bilateral system
was designed to allow larger brain coverage than conventional BIS
because itmay record and display four channels of EEG.Moreover,its use offers other advantages in comparison with the conven-
tional BIS such as the asymmetry (ASYM) display which is a
processed variable indicating the percentage of EEG power
present in the left or right hemispheres with respect to total
EEG power. Asymmetry data may be plotted as part of the CDSA
display. Interestingly, recent studies have stressed that BIS
monitoring may be useful in others clinical situations outside
anesthesia such as detection of brain death, treatment of
refractory status epilepticus or prediction of prognosis in
comatose subjects,5–7 but these studies need to be substantiated
before widespread use for these indications.
We are aware that CEEG is the method of choice for the
evaluation of electric brain activity in comatose patients. Full
video-EEG has been adopted inmost largemedical centers because
it has signiﬁcant advantages: better scalp coverage for partial
seizures, video for assessment of movement artifacts, internet
access for the physician to be able to interpret over 24 h,
automated seizure detection with advanced paradigms, and
ﬁnally, the ability to identify the many EEG but no-epileptic
phenomena that may be confused with seizures on limited EEG
recordings. We would like to highlight that under certain
circumstances bilateral BIS-VistaTM monitor may be helpful in
the assessment of sedated patients with possible NCSZ or NCSE. It
does not obviate the need for EEG, since diagnostic conﬁrmation of
J.L. Ferna´ndez-Torre, M.A. Herna´ndez-Herna´ndez / Seizure 21 (2012) 61–6464seizure activity and NCSE should be always sought. Seizures may
be unrecognized when distant from the frontal or temporal lobe
and when there is limited scalp EEG coverage. In this case report,
BIS values and, in particular, CDSAwere useful tools formonitoring
NCSE outside of normal working hours. Recently, Musialowicz
et al.7 established the utility of BIS in the assessment of the depth of
propofol anesthesia in the treatment of refractory status epilepti-
cus. Similarly, Dahaba et al.8 described a young patient in which
BIS was successfully employed for monitoring a case of acute
encephalitis and refractory repetitive partial seizures. During
recent years, many investigations have concluded that NCSz and
episodes of NCSE occur frequently in comatose critically ill patients
and may have a negative impact on prognosis. Therefore, early
detection of NCSE and continuous monitoring after the onset of
antiepileptic treatment are strongly recommended.9 Although
CEEG remains the gold standard for cerebral monitoring in the ICU,
it is still not widely available. In the meantime, the use of
alternative devices such as bilateral BIS may be helpful in
monitoring selected cases of comatose NCSE. A drawback in our
study is that this is a single case report and, larger studies are
needed to assess the sensitivity and speciﬁcity of the new bilateral
BIS monitoring in the management of NCSE.
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